Ind., Osaka. Crystal violet (CV) was purchased from Sigma, Tokyo. Bisphenol A (BPA) was purchased from Nacalai Tesque, Kyoto. Escherichia coli IFO 3992 was purchased from the Institute for Fermentation, Osaka. The bacterium was inoculated into 3 L of nutrient broth composed of beef extract (5 g/L), peptone (15 g/L), NaCl (5 g/L) and K2HPO4 (5 g/L), and then incubated at 30 for 24 h with shaking. Mycrocystis aeruginosa M21 was provided by Lake Biwa Research Institute, Shiga 5, 6) . This strain had completely lost the ability to form colonies and grew only as single cells. The strain was inoculated into 3 L of MA medium 7) and then incubated at 25 for a week, a 14 : 10 LD cycle with a light intensity of 70 µmol photons m -2 s -1 . Both the bacterial cells were washed and collected by centrifugation. The polluted water from the Yamato River and Mandai Pond was collected on July 16
and July 19, 2004, respectively.
Assay of flocculating activity
Measurement of flocculating activity was based on a decrease in turbidity of the polluted water from the Yamato River and Mandai Pond and its component suspensions (bentonite, diatomaceous earth, E. coli and M. aeruginosa), which were adjusted to an O.D. of 0.1 at 660 nm before the assay using distilled water. For the solutions of CV and BPA, the O.D. was measured at 590 and 285.6 nm, respectively (O.D. of 0.1 equivalent to 0.033 µg/mL of CV and 9.615 µg/mL of BPA, respectively). According to the optimal conditions used in the assay of flocculating activity against kaolin suspension 4) , the resulting polluted water samples, component suspensions and chemical solutions (10 mL) were placed in a test tube (diameter, 16.5 mm) and then pre-incubated with PAC at various concentrations (in all experiments, the concentration of PAC was converted to the concentration of aluminum ions) at 30 ºC and pH 5.0. After 10 min, C-L -PGA was added to the mixture, which was kept standing for 30 min. During the incubation, the formation of visible flocks and precipitation could be observed. Turbidity in the upper phase of the test tube was measured at 660, 590 or 285.6 nm with a spectrophotometer (UV-260; Shimadzu Seisakusyo, Kyoto).
Measurement for a control sample without any flocculants was also carried out in the same manner.
Flocculating activity was calculated according to the following equation [8] [9] [10] [11] [12] :
Flocculating activity = (1-B/A) 100 (%)
where A is control turbidity and B is sample turbidity.
Results and Discussion
Flocculating activity against the polluted water collected from Mandai Pond and Yamato
River
As shown in Table 1 , C-L -PGA purified the polluted water from Mandai Pond. This flocculating activity increased with the concentration of C-L -PGA in a dose-dependent manner and increased following the addition of PAC that had no effect when used singly. The polluted water almost became transparent when a combination of 20 µg/mL C-L -PGA and 2 µg/mL PAC was used, as shown in Fig. 1 . These results are thought to be due to the formation of visible flocks, as shown in Fig. 2 .
The flocculating activity of C-L -PGA against polluted water from the Yamato River is shown in Table 2 . Although the higher the C-L -PGA concentration, the greater the activity, pretreatment with PAC did not have any effect. Therefore, a concentration of 20 µg/mL C-L -PGA used singly was chosen for the following experiment.
As shown in Fig. 3 , the decrease in the turbidity of Mandai Pond water using a combination of 20 µg/mL C-L -PGA and 2 µg/mL PAC occurred rapidly within the initial 30 min and then continued to decrease gradually with time. On the other hand, the decrease in the turbidity of the Yamato River water treated with 20 µg/mL C-L -PGA singly was rapid within the initial 30 min and then plateaued thereafter.
Flocculating activity against suspensions of bentonite and diatomaceous earth As shown in Table 3 , the flocculating activity of C-L -PGA against a bentonite suspension was enhanced by pretreatment with PAC, although this increase due to PAC was not always dose-dependent. This is thought to be due to the concentration balance between C-L -PGA and PAC, which was previously The flocculating activity of C-L -PGA against a diatomaceous earth suspension was also enhanced by pretreatment with PAC, as shown in Table 4 . Similar to the case of bentonite, this increase due to PAC was not dose-dependent.
It is well known that the main component of bentonite and diatomaceous earth is SiO2, the Flocculating activity against suspensions of E. coli and M. aeruginosa
As shown in Table 5 , pretreatment with PAC increased the C-L -PGA flocculating activity against an E. coli suspension. For the same reason mentioned above, a concentration of 10 µg/mL C-L -PGA and 0.5 µg/mL PAC with flocculating activity of 25.9 was determined for the following experiment.
Because PAC used alone demonstrated apparent flocculating activity against a M. aeruginosa suspension, pretreatment with PAC at a lower concentration compared with that used in the above experiments was performed. As shown in Table 6 , the C-L -PGA flocculating activity was increased were preincubated with PAC (2 and 0 µg/mL, respectively) at 30 ºC and pH 5.0 for 10 min. After preincubation, C-L -PGA (20 µg/mL) was added to each suspension and then the decrease in turbidity at 660 nm was measured at the indicated time.
by pretreatment with PAC and this synergistic effect was almost dose-dependent. A concentration of 5 µg/mL C-L -PGA and 0.5 µg/mL PAC with flocculating activity of 88.2 was determined for the following experiment. Figs. 6 and 7 show these results.
The cell surface of microorganisms is usually negatively charged [13] [14] [15] . For the same reason discussed regarding the suspensions of bentonite and diatomaceous earth, pretreatment with PAC is also useful in terms of the C-L -PGA flocculating activity against suspensions of E. coli and M.
aeruginosa.
As shown in Fig. 8 , a decrease in the turbidity of an E. coli suspension using a combination of 10 µg/mL C-L -PGA and 0.5 µg/mL PAC was not observed within the initial 5 min, and then in increased with incubation time. On the other hand, a decrease in the turbidity of the M. aeruginosa suspension using a combination of 5 µg/mL C-L -PGA and 0.5 µg/mL PAC occurred rapidly within the initial 5 min and plateaued thereafter. This indicated that C-L -PGA flocculated M. aeruginosa rapidly, forming large visible flocks, as shown in Fig. 7 .
Flocculating activity against solutions of CV and BPA As shown in Table 7 BPA is known as an endocrine disrupter and is a monomer of polycarbonate plastics and a constituent of epoxy and polystyrene resins, which are extensively used as a plastic coating in the food packaging industry as well as in dentistry [16] [17] [18] . Moreover, BPA contained in industrial wastewater can be a source of contamination of aquatic environments 19, 20) . Therefore, the C-L -PGA flocculating activity against a BPA solution pretreated with PAC was investigated. Unfortunately, no apparent activity was found, as shown in Table 8 , indicating no electrostatic property of the BPA molecule.
A decrease in the turbidity of CV solution treated with 5 µg/mL C-L -PGA singly occurred rapidly within the initial 5 min and then plateaued thereafter, as shown in Fig. 11 . 
